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Objective: With respect to the overweight epidemic, this study aimed to
investigate the association between domain-specific physical activity and
body composition measures in Swiss male employees. Methods: A total of
192 healthy male adults in full-time employment were investigated. Height,
weight, and waist circumference were measured and body mass index was
calculated. Relative fat mass and relative muscle mass were determined by
bioelectric impedance analysis. Physical activity was assessed by the val-
idated International Physical Activity Questionnaire. Results: In multiple
linear regressions, leisure-time activity showed an inverse association with
waist circumference and relative fat mass and a positive correlation with rela-
tive muscle mass. Work activity was positively related to waist circumference
and body mass index.Conclusions: This study shows that leisure-time activ-
ity may be the most effective physical activity domain for body composition.
Work activity does not seem to be protective against overweight.
O verweight and obesity, defined as abnormal and excessive fataccumulation, represent a major risk factor for several chronic
diseases including type 2 diabetes, cardiovascular disease, hyperten-
sion and stroke, certain forms of cancer (breast, colon), and muscu-
loskeletal disorders (osteoarthritis).1,2 In turn, these comorbidities
lead to an increased risk of premature death and reduced quality of
life.3 With at least 2.8 million adults dying each year as a result of
being overweight or obese, this health burden globally represents the
fifth leading cause of death.2
Worldwide obesity has nearly doubled since 1980 and has
reached epidemic proportions.2 In 2008, 1.4 billion (35%) over-
weight adults (body mass index [BMI] ≥25.0 kg/m2) were regis-
tered, whereas 11% were obese (BMI ≥30.0 kg/m2).2 Regarding the
situation in Switzerland, a similar development could be noticed.
Between 1992 and 2012, the percentage of overweight individuals
increased from 30% to 41%, whereas the percentage of obese people
almost doubled (5.5% to 10%).4 In 2012, men were 1.5 times more
likely to be overweight than women (51% compared with 32%).4
The development of overweight and obesity can be explained
by an increased intake of energy-dense high-fat food and a decrease
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in physical activity because of increasing sedentary behaviors result-
ing from technological and social changes.2 Nevertheless, divergent
trends in obesity prevalence (increasing) and fat intake (decreasing)
detected in the US adult population and Great Britain between 1970
and 1990,5,6 suggested that physical activity is the major predictor of
obesity.7 Concerning activity behavior in Switzerland, self-reported
data from the latest Swiss Health Survey 2012 showed that 28%
of adults were either insufficiently active or entirely inactive, when
measured against the minimum recommendation of 150 minutes
or more of moderate-intensity or 75 minutes or more of vigorous-
intensity physical activity per week.4 Physically, sufficiently active
people were often less obese than inactive people (9% compared
with 16%).4 Although in epidemiological studies, measurements of
physical activity are largely restricted to leisure-time pursuits,8 the
World Health Organization encourages practicing daily activities
from different domains (occupational, leisure-time, transport, and
domestic activities) to fulfill global recommendations on physical
activity.9 Bauman et al10 confirmed the difficulty of achieving the
required amount of physical activity for obesity prevention only
through leisure-time activity alone. Considering the fact that most
people in full-time employment spend about one third of the day at
work, occupational physical activity may contribute to a large extent
to total daily activity.11 Furthermore, in middle-aged and elderly in-
dividuals, domestic activities represent a considerable proportion of
total physical activity.12
Previous studies measuring the impact of physical activity
on body composition are inconsistent. Although most investigations
focused on leisure-time activity8 and BMI-defined obesity,13–16 there
is evidence of also considering other domains of physical activity and
further body composition measures. Because BMI may be biased in
subjects with a large muscle mass (MM),2 relative fat mass (FM) and
relative MM should also be investigated. Waist circumference (WC)
as well should be considered, as it was found to be more closely
linked to health outcomes than BMI.17,18 The association between
the different physical activity domains (occupational, leisure-time,
transport, and domestic activity) and the body composition measures
(WC, relative FM, relativeMM, and not just BMI alone) has not been
sufficiently investigated.
The primary aim of this study was therefore to assess whether
occupational, leisure-time, transport, and domestic physical activity
were independently associated with BMI, WC, relative FM, and
relative MM in a Swiss male working population. These analyses
focused on male adults because of the high overweight prevalence
in this population group.
METHODS
Study Subjects
From June 2010 to May 2011, 192 healthy male adults in
full-time employment were recruited at the Blood Donation Centre
of the University Hospital of Basel, Switzerland. Exclusion criteria
were unpaid occupation, insufficient knowledge of the German
language, and accidents within the last 3 months, because accidents
would have prevented usual physical activity behavior and altered
body composition. This investigation was approved by the local
Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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ethics committee (EKBB, 37/09) and written informed consent was
obtained from all subjects.
Study Design and Procedures
In this cross-sectional study, body measurements were per-
formed before the blood donation process. The measurements were
always carried out by the same study nurses trained for this purpose.
First, height, weight, and WC were measured once for each partic-
ipant and BMI was calculated. Then, a phase-sensitive bioelectric
impedance analysis (BIA) was performed, providing results of rel-
ative FM and relative MM. The long version of the International
Physical Activity Questionnaire (IPAQ) was administered to the par-
ticipants to assess past week work and non–work-related physical
activity. In addition, several personal and job-related factors were
recorded as part of a separate generic questionnaire. Subjects could
complete the questionnaires immediately or send them back within
the next few days by a post-paid envelope.
Body Composition Measurement
For a detailed determination of body composition, anthro-
pometric measurements and a four-point ipsilateral phase-sensitive
BIA were performed. Height was assessed without shoes by a medi-
cal measuring stick (model Seca 217, measurement range: 20 to 205
cm, seca ag, Reinach, Switzerland) to the nearest mm. The measure-
ment of weight was performed on subjects in light clothing without
shoes by a medical scale (model Seca 877, load capacity: 200 kg,
seca ag, Reinach, Switzerland) with an accuracy of 0.1 kg. Body
mass index was calculated from measured height and weight (BMI
= weight/height2 [kg/m2]). Subjects with a BMI of 25.0 kg/m2 or
more were classified as overweight, and those with a BMI of 30.0
kg/m2 or more as obese.2 Waist circumference was determined mid-
way between the lowest rib and the iliac crest according to the Swiss
Heart Foundation using a medical measuring tape (model Seca 201,
maximum length: 205 cm) with a precision of 0.1 cm. The measure-
ment was carried out on standing subjects after a moderate expira-
tion. A value of more than 102 cm was defined as high-risk WC.19
Furthermore, resistance and reactance were measured by amedically
classified BIA device (Akern BIA 101, SMT Medical GmbH&Co,
Wu¨rzburg, Germany) to the nearest ohm. This method, determining
specific conductivities of different tissue types, is characterized by a
high reliability and validity.20 Relative FM (%) and relative MM (%)
were computed by the software Akern BodyGramPro (version 1.21,
SMTMedical GmbH&Co,Wu¨rzburg, Germany) using themeasured
values of resistance and reactance. Age, sex, height, and weight were
also considered in these calculations. A value of more than 25% was
defined as high-risk relative FM.21 In three cases, relative FM and
relative MM were not computed because BIA was not performed in
these subjects. Theywere therefore excluded from the corresponding
analyses.
Physical Activity Assessment
The IPAQ was used to assess work and non–work-related
physical activity because it is a simple instrument for measuring
health-enhancing physical activity at the population level.22 Valid-
ity and reliability were established in 12 different countries.22 The
German long version of the IPAQ designed for adults aged 15 to 69
years was administered to the participants. It consists of 26 questions
and assesses past week frequency and duration of physical activity
within the domains of work, leisure-time, transport, and domes-
tic activity. Continuous scores in the form of metabolic equivalent
(MET)·minutes per week were calculated for each domain and for
moderate and vigorous activity according to the IPAQ guidelines
for data analysis.23 Total physical activity was calculated by adding
up subtotal domain-specific scores. One MET defined as metabolic
equivalent and expressing the energy cost of physical activity cor-
responds to 3.5 mL/min/kg of VO2.24 MET·minutes per week were
computed by multiplying the intensity (MET value) of an activ-
ity with its frequency (days per week) and duration (minutes per
day). The MET values are set by the IPAQ guidelines on the ba-
sis of the compendium of physical activity.25 Leisure-time, work,
and total physical activity were classified into categories of insuf-
ficiently (<600 MET·min/wk) and sufficiently active people (≥600
MET·min/wk) according to current guidelines.9
Personal and Job-Related Factors
Age (18 to 34/35 to 49/50 to 65 years), nationality (Swiss/no
Swiss), marital status (single/married/divorced), smoking status
(no/yes), alcohol consumption (never/once to several times per
month/once per week/several times per week/once to several
times per day), medication (no/yes), highest education (compulsory
school/apprenticeship/higher vocational school/diploma ormaturity/
university), and current profession were recorded by asking the par-
ticipants. The reported occupations were classified (nine categories)
according to the International Standard Classification of Occupa-
tions (ISCO-88).26 These categories were combined (three groups)
on the basis of self-reported IPAQ work activity (executives, scien-
tists/technicians, clerks, salespersons, machine operators/craftsmen,
agricultural workers, laborers). Furthermore, the season of recruit-
ment (spring/summer/autumn/winter) was also documented because
physical activity behavior might differ across seasons.
Statistical Analyses
The primary endpoints were BMI, WC, relative FM, relative
MM, and physical activity levels in the domains of work, leisure-
time, transport, and domestic activity. Data were analyzed using the
SPSS software package (version 19.0, IBM, Germany). Significance
was set at the 5% level. The Shapiro-Wilk test was used to test
whether data were normally distributed. Subjects’ characteristics are
presented as mean (standard deviation), median (interquartile range)
or number (percentage). Nationality, smoking status and medication
were analyzed as binary variables. For all other factors with more
than two categories, dummy variables were created. Mean compar-
isons were performed using independent t test or one-way analysis
of variance in case of parametric data, whereas Mann-Whitney test
or Kruskal-Wallis test was applied for nonparametric data. Further-
more, Pearson or Spearman correlations were calculated depending
on data distribution. To assess the independent association of dif-
ferent physical activity domains with body composition, backward
stepwise multiple linear regression analyses were conducted for each
outcome variable (BMI, WC, relative FM, and relative MM). Work,
leisure-time, transport, and domestic activity were considered as pre-
dictors, and all analyses were adjusted for significant confounders
(age, marital status, medication, and season of recruitment). The
models were checked for multicollinearity of predictors. Therefore,
total physical activity was not considered in the analyses because of
its high collinearity with work activity (r = 0.80; P < 0.001).27
RESULTS
Participants’ Characteristics
Subjects’ characteristics are presented in Table 1. Age ranged
from 18 to 62 years, with a mean age of 41.6 ± 11 years. A total of
137 individuals (71.4%) were found to be overweight (BMI ≥25.0
kg/m2), whereas 37 (19.3%) were obese (BMI≥30.0 kg/m2). A total
of 57 subjects (29.7%) had a high-risk WC (>102 cm) and 46 sub-
jects (24.3%) had a high-risk relative FM (>25%). Participants were
predominantly Swiss (n = 178; 92.7%), married, and nonsmoker
(n = 155; 80.7%). In addition, themajority did not take anymedicine,
and alcohol consumption was most frequent between one to several
times per week (n = 120; 62.5%). Two thirds had completed an
apprenticeship, whereas almost half of the participants were crafts-
men. Most subjects were recruited in autumn and winter. Regarding
Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 1. Characteristics of the 192 Male Study
Participants
Variables Mean (SD)
Age, yrs 41.6 (11.0)
Height, m 1.77 (0.07)
Weight, kg 85.0 (13.6)
BMI, kg/m2 27.0 (3.8)
WC, cm 96.9 (11.7)
Relative FM, % 21.0 (6.1)
Relative MM, % 53.8 (5.1)
Median (IQR)
Total PA, MET·min/wk 3518 (2202–7295)
Work PA, MET·min/wk 1139 (126–4555)
Leisure-time PA, MET·min/wk 638 (198–1493)
Domestic PA, MET·min/wk 445 (120–1080)
Transport PA, MET·min/wk 330 (66–792)
Moderate PA, MET·min/wk 1868 (840–4280)
Vigorous PA, MET·min/wk 960 (120–2520)
BMI, body mass index; FM, fat mass; IQR, interquartile range; MET,
metabolic equivalent; MM, muscle mass; PA, physical activity; SD, standard
deviation; WC, waist circumference.
participation in different physical activity domains (Table 1), work
activity contributed to 53.0% to total physical activity, followed by
leisure-time activity (20.6%), domestic activity (16.0%), and trans-
port activity (10.4%). Leisure-time activity compared with work
activity consisted of more vigorous—median (interquartile range):
560 (0 to 6720) versus 80 (0 to 1440) MET·min/week—but less
moderate activity—median (interquartile range): 0 (0 to 119) versus
400 (0 to 1781) MET·min/week—whereas transport and domestic
activity included only moderate activities.23
Univariate analyses revealed thatmarried persons and subjects
takingmedicine showed significantly higher values of BMI,WC, and
relative FM as well as a lower value of relative MM than singles and
those without current medication (Table 2). In contrast, no signifi-
cant differences in body composition were found between categories
of highest education, profession, nationality, smoking status, and al-
cohol consumption (see Table, Supplemental Digital Content 1, for
more details). Regarding seasonal differences, participants recruited
in autumn had a significant higher WC and relative FM as well as
a lower relative MM than those recruited in spring and winter. No
significant differences were detected between summer and autumn.
When classifying subjects into physical activity categories (Table 3),
WC and relative FMwere reduced and relative MMwas increased in
people meeting the minimum recommendations for leisure-time and
total physical activity. Regarding work activity, no significant dif-
ferences were found. The proportion of subjects being sufficiently
active increased from 51.6% (leisure-time activity) to 95.8% when
including all four domains of physical activity.
Looking at physical activity levels across demographic char-
acteristics and body composition measures (Table 4), obese persons
had higher levels of total, work, domestic, and moderate activity
than normal weight and overweight subjects. Similar findings were
found for those with a high-risk WC and relative FM. Furthermore,
craftsmen, laborers, and agricultural workers showed higher levels
of total, work, moderate, and vigorous activity compared with other
occupations. Leisure-time activity was increased in individuals with
a normal WC and relative FM compared with peers with high-risk
values. No significant differences were found for transport activity.
Physical activity levels did not differ across ages.
Correlation of Physical Activity Domains With
Body Composition
In Table 5, it is shown that leisure-time activity was re-
lated to all body parameters having the strongest association with
relative FM and relative MM. In contrast, work activity showed
a positive correlation with BMI, whereas domestic and trans-
port activities were not found to correlate significantly with any
of these parameters. In addition, age was found to be associ-
ated with BMI (r = 0.19; P = 0.005), WC (r = 0.31; P <
0.001), and relative MM (r = −0.25; P < 0.001). No significant
relationship was detected between age and relative FM (P = 0.130).
Furthermore, work activity and domestic activity were ob-
served to correlate significantly with each other (r = 0.25; P <
0.001), whereas leisure-time activity showed a significant associ-
ation with transport activity (r = 0.23; P = 0.001). Furthermore,
nonsignificant correlations between different physical activity do-
mains are presented in Table of Supplemental Digital Content 2.
Independent Predictors of Body Composition
The multiple linear regression analyses with BMI, WC, rel-
ative FM, and relative MM as outcome variables are presented in
Table 6. Leisure-time activity showed a significant association with
relative FM, WC, and relative MM. No significant relationship was
detected with BMI. Work activity was found to be positively related
to BMI andWC. Aweak correlation was observed between transport
activity and relative FM, whereas domestic activity was not associ-
ated with any of these measures. Moreover, it was shown that age,
medication, and season of recruitment correlated with body compo-
sition. Seasonal variations were found to be related to all parameters.
Medication was associated with BMI, WC, and relative FM, but not
with relative MM. Regarding age, a significant relationship was ob-
served with WC and relative MM.
DISCUSSION
Generalizability of Results
The present findings are in accordance with a previous
population-based study that has used the IPAQ-long version. Our re-
sults showed amedian total physical activity of 3518MET·min/week,
which is comparable to that observed in 80% or more employed
Swedish adults amounting to 3965 MET·min/week.11 The lack of
difference in physical activity across ages is surprising, but consis-
tent with Caspersen et al,28 who reported in a national US population
that physical activity patterns generally eroded most in adolescence
from ages 15 through 18 years, continued eroding in young adult-
hood (18 to 29 years), whereas middle adulthood (30 to 64 years)
often revealed relatively stable patterns.
Concerning body composition, similar results were found in
prior studies measuring height, weight, and WC objectively. A com-
parable mean BMI (26.7 ± 5.1 kg/m2) to this study (27.0 ± 3.8
kg/m2) was reported in an Australian survey for full-time workers.29
Stamatakis et al.8 detected an analogous mean BMI of 27.0 ± 4.7
kg/m2 and a meanWC of 95.5± 12.5 cm in adult Scottish men close
to our finding (96.9 ± 11.7 cm).
Independent Association of Physical Activity
Domains With Body Composition
This cross-sectional investigation conducted in a sample of
Swiss male adults revealed that leisure-time activity was associated
with lower WC, lower relative FM, and higher relative MM, but
not with BMI. In contrast to this, work activity was associated with
higher BMI and higher WC. No association between body compo-
sition and transport and domestic activity was found.
As the analyses show, not all activity domains may have the
same impact on body composition. This could be related to several
factors influencing the amount of energy expended, such as intensity
Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 2. Body Parameters According to Selected Demographic Characteristics (n = 192)
BMI, kg/m2 WC, cm Rel. FM, % Rel. MM, %
Variables N (%) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Marital status
Single* 63 (32.8) 26.2 (4.4) 93.7 (14.2) 19.9 (7.1) 55.3 (5.8)
Married 110 (57.3) 27.4 (3.5) 98.7 (9.7) 21.9 (5.5) 52.8 (4.4)
Divorced 19 (9.9) 27.5 (3.5) 97.4 (11.4) 19.6 (5.4) 55.2 (5.1)
P = 0.023† P = 0.001 P = 0.023 P = 0.003
Medication
No* 153 (79.7) 26.4 (3.4) 94.7 (10.5) 20.2 (5.7) 54.4 (4.9)
Yes 39 (20.3) 29.5 (4.7) 105.6 (12.0) 24.2 (6.4) 51.5 (5.1)
P < 0.001 P < 0.001 P < 0.001 P = 0.001
Season
Summer 18 (9.4) 26.9 (3.2) 98.4 (13.8) 21.0 (9.2) 52.8 (6.6)
Autumn* 59 (30.7) 27.9 (3.9) 101.0 (11.6) 23.2 (5.4) 51.3 (3.9)
Winter 74 (38.5) 26.7 (3.2) 94.9 (8.9) 20.4 (4.5) 54.9 (4.3)
Spring 41 (21.4) 26.3 (4.9) 94.0 (13.7) 19.0 (7.3) 56.0 (5.8)
P = 0.132 P = 0.004 P = 0.007 P < 0.001
Highest education
Compulsory school 13 (6.8) 26.7 (4.9) 95.8 (14.1) 21.4 (7.6) 54.2 (6.9)
Apprenticeship* 131 (68.2) 27.4 (4.0) 97.8 (11.8) 21.3 (6.0) 53.6 (4.9)
Diploma or maturity 5 (2.6) 24.8 (1.5) 89.4 (6.0) 18.5 (2.9) 53.8 (3.6)
Higher vocational school 30 (15.6) 26.6 (3.1) 96.4 (11.7) 20.2 (6.6) 54.7 (5.7)
University 13 (6.8) 25.0 (2.7) 92.8 (7.8) 21.2 (5.3) 53.8 (4.2)
P = 0.125 P = 0.266 P = 0.604 P = 0.851
Occupation
Low work activity* 17 (8.9) 25.4 (2.8) 92.3 (8.0) 19.4 (5.1) 54.7 (4.3)
Medium work activity 62 (32.3) 27.2 (3.0) 98.5 (10.4) 22.2 (5.9) 52.5 (4.9)
High work activity 113 (58.9) 27.2 (4.3) 96.7 (12.6) 20.6 (6.3) 54.4 (5.2)
P = 0.176 P = 0.100 P = 0.139 P = 0.058
*Reference group.
†Significant P values are highlighted in bold.
BMI, body mass index; Rel. FM, relative fat mass; Rel. MM, relative muscle mass; SD, standard deviation; WC, waist circumference.
TABLE 3. Body Parameters According to Categories of Leisure-Time, Work, and Total Physical Activity (n = 192)*
BMI, kg/m2 WC, cm Rel. FM, % Rel. MM, %
Variables, MET·min/wk N (%) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Leisure-time PA
Insufficiently active <600 93 (48.4) 27.2 (3.8) 98.5 (11.4) 22.2 (5.8) 52.5 (4.8)
Sufficiently active ≥600 99 (51.6) 26.9 (3.9) 95.4 (11.7) 19.9 (6.2) 55.1 (5.1)
P = 0.219 P = 0.033† P = 0.006 P < 0.001
Work PA
Insufficiently active <600 81 (42.2) 26.6 (3.1) 96.7 (9.1) 20.9 (5.0) 53.7 (4.4)
Sufficiently active ≥600 111 (57.8) 27.4 (4.3) 97.1 (13.3) 21.1 (6.8) 53.9 (5.6)
P = 0.073 P = 0.443 P = 0.393 P = 0.365
Total PA
Insufficiently active <600 8 (4.2) 28.0 (2.5) 102.9 (5.5) 23.7 (3.4) 50.9 (1.5)
Sufficiently active ≥600 184 (95.8) 27.0 (3.9) 96.7 (11.8) 20.9 (6.2) 54.0 (5.2)
P = 0.157 P = 0.022 P = 0.101 P < 0.001
*Total physical activity includes leisure-time, transport, domestic, and work activity.
†Significant P values are highlighted in bold.
BMI, body mass index; MET, metabolic equivalent; PA, physical activity; Rel. FM, relative fat mass; Rel. MM, relative muscle mass; SD, standard deviation; WC, waist
circumference.
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TABLE 5. Bivariate Correlations Between Different Physical Activity Domains and Body Parameters (n = 192)
BMI, kg/m2 WC, cm Rel. FM, % Rel. MM, %
Variables, MET·min/wk r P r P r P r P
Work PA 0.16 0.014* 0.07 0.172 0.06 0.228 − 0.01 0.428
Leisure-time PA − 0.15 0.017 − 0.24 <0.001 − 0.26 <0.001 0.30 <0.001
Domestic PA 0.07 0.158 0.08 0.133 0.07 0.178 − 0.08 0.147
Transport PA 0.03 0.367 0.03 0.356 0.07 0.178 − 0.06 0.214
*Significant P values are highlighted in bold.
BMI, body mass index; MET, metabolic equivalent; PA, physical activity; r, correlation coefficient; Rel. FM, relative fat mass; Rel. MM, relative muscle mass; WC, waist
circumference.
and duration of physical activity. Bernstein et al30 confirmed that the
risk of overweight and obesity is inversely related to vigorous, but
not to moderate activities. Because we found leisure-time activity to
be of higher intensity than other activity domains, the present results
seem to be plausible and are in agreement with existing knowledge
about physical activity reducing WC and relative FM and increas-
ing relative MM. Furthermore, leisure-time activity is characterized
by the use of large muscle groups in a rhythmic and dynamic way,
whereas for example domestic activities mainly involve smaller up-
per body muscles.31 Another explanation refers to the planned and
structured nature of leisure-time activity. Because individuals often
engage in leisure-time activity to achieve a specific goal, such as to
maintain health, improve fitness, build up muscles and sport targets,
they may generally follow a health-conscious lifestyle.
Concerning transport activity, a significant correlation was
found with leisure-time activity. Nevertheless, no independent in-
fluence on body composition could be detected. This finding is un-
expected because transport activity is usually practiced voluntarily
and regularly on a daily basis. Nevertheless, it may not be intensive
enough to protect against overweight because it does not consist of
any vigorous activities.23 Being the least accomplished activity do-
main, duration might also be a limiting factor. Nevertheless, Wagner
et al32 and Littman et al14 provided evidence for promoting walking
and cycling to work with regard to overweight prevention.
In terms of domestic activity, the results of this study are
in agreement with previous investigations not finding an associa-
tion with body composition.12,33 Similarly to transport activity, the
lack of relationship could be explained by the insufficient intensity,
as domestic activity assessed by the IPAQ only includes moderate
activities.23 In addition, domestic activities aremore intermittent pro-
ducing lower energy expenditure25 and performed less consciously
than leisure-time activity. Therefore, it might be possible that par-
ticipants are not able to accurately recall routine activities such as
domestic tasks.
Despite the lack of relationship, the inclusion of transport and
domestic activity to leisure-time activity in daily lifemay still provide
a substantial contribution to meeting physical activity guidelines for
overweight prevention.
Interestingly, and contrary to expectation, this study found
work activity to be associated with higher BMI and higher WC.
Several reasons may explain this paradox. Although work activity
is the most reported activity type and contributed to 53.0% to total
physical activity, it was found to be less intensive than leisure-time
activity. In addition, subjects may have problems to accurately re-
call work activity because of its high duration. For example, some
participants reported moderate work activity of more than 8 hours
per day. A Brazilian study using the IPAQ-long version confirmed
that male and female adults reported unusually high activity lev-
els in the domain of work.34 Therefore, the relationship between
work activity and body parameters might be biased in this study.
TABLE 6. Backward Stepwise Multiple Linear Regression
Analyses With BMI, WC, Relative FM, and Relative MM as
Outcome Variables (n = 192)*
B SE B β P
Outcome variable: BMI, kg/m2— model (R = 0.40; R2 = 0.16)
Constant 29.10 0.62
Medication 3.01 0.64 0.32 <0.001
Work PA, MET·min/wk 0.00 0.00 0.21 0.002
Spring vs autumn − 1.32 0.63 − 0.14 0.039
Outcome variable: WC, cm—model (R = 0.51; R2 = 0.26)
Constant 99.42 3.84
Medication 8.30 1.94 0.29 <0.001
Spring vs autumn − 5.84 1.99 − 0.21 0.004
Leisure-time PA, MET·min/wk − 0.00 0.00 − 0.18 0.005
Age, yrs 0.17 0.07 0.16 0.014
Winter vs autumn − 3.49 1.70 − 0.15 0.041
Work PA, MET·min/wk 0.00 0.00 0.14 0.033
Outcome variable: relative FM, %—model (R = 0.42; R2 = 0.18)
Constant 24.94 1.00
Leisure-time PA, MET·min/wk − 0.00 0.00 − 0.28 <0.001
Medication 3.49 1.02 0.23 0.001
Spring vs autumn − 2.55 0.99 − 0.17 0.011
Transport PA, MET·min/wk 0.00 0.00 0.15 0.030
Outcome variable: relative MM,%—model (R = 0.52; R2 = 0.27)
Constant 55.22 1.41
Spring vs autumn 4.04 0.87 0.33 <0.001
Leisure-time PA, MET·min/wk 0.00 0.00 0.29 <0.001
Winter vs autumn 2.93 0.73 0.28 <0.001
Age, yrs − 0.10 0.03 − 0.21 0.001
*In every model work, leisure-time, transport, and domestic activity as well as
age, marital status, medication, and season of recruitment were included as predictors.
B, regression coefficient; β, standardized beta coefficient; BMI, body mass index;
FM, fat mass; MET, metabolic equivalent; MM, muscle mass; PA, physical activity;
SE, standard error; WC, waist circumference.
It may also be possible that individuals with highly active occupa-
tions follow an unhealthy lifestyle, such as consuming energy-dense
food to compensate work-related energy expenditure. This was con-
firmed by a previous study reporting significantly increased energy
intake in Portuguese males with high energy-expending occupations
compared with those with low energy-expending ones.35 Another
explanation refers to the positive correlation between work activity
and domestic activity. It could be hypothesized that individuals with
high occupational activity do housework in recreation rather than
Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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engaging in leisure-time activities. Our results indicated higher lev-
els of domestic and lower levels of leisure-time activity in craftsmen
compared with executives and scientists, without reaching statisti-
cal significance. Takao et al36 could show that leisure-time activ-
ity was significantly lower in blue-collar workers compared with
clerks. Similarly, subjects in lower-status occupations were found to
be less likely to participate in vigorous leisure-time activity sufficient
for cardiorespiratory fitness.37 Regarding body composition, Kaleta
et al16 and Ball et al38 did not detect a relationship between work
activity and the risk of being obese. In contrast, King et al15 and
Steeves et al39 found high occupational activity to be inversely as-
sociated with obesity. Nevertheless, in these studies, work activity
was classified into low and high occupational activity on the basis of
reported job categories, which does not allow a continuous analysis
in the form of MET·minutes per week.
Different Body Composition Measures
and Physical Activity
Regarding different body parameters, the present results are
in agreement with Stamatakis et al8 detecting an inverse association
of sports and exercise with WC, but not with BMI. In fact, BMI
might be confounded by MM, which increases with many sports
activities. Changes in body composition (decrease inWCand relative
FM, together with increase in relative MM) may therefore occur
without changes in body weight and BMI. Thus, subjects with high
levels of MM may seem overweight or obese when, in fact, they are
not.40 This may explain the high observed BMI-defined prevalence
of overweight (71.4%), whereas the percentage of subjects with a
high-risk WC (29.7%) and a high-risk relative FM (24.3%) was
considerably lower. Furthermore, this is a possible explanation for the
lack of relationship between leisure-time activity and BMI, whereas
WC and relative FM were inversely associated with this activity
domain. In contrast, Ball et al38 found neither BMI nor relative FM
to be related to leisure-time activity inmen. Because they determined
relative FM by skinfold measurement deriving results from only six
body locations, BIA referring to the whole body might provide more
accurate values.
Strengths and Limitations
Because various obesity-related studies used self-reported
height and weight,14,16 the strengths of this study were objective
measurement of anthropometric data and further assessment of rel-
ative FM and relative MM. For a precise analysis, it was of great
value to consider relative MM as a potential confounder of body
weight and BMI. In addition, intensity, duration, and frequency were
assessed for both occupational and nonoccupational activities by a
validated questionnaire (IPAQ), providing continuous scores in the
form of MET·minutes per week. The IPAQ is one of the most used
questionnaires globally; it has been evaluated in many countries and
translated into many languages.22,41 Still, there are some concerns
whether the questions are interpreted similarly by individuals from
different countries and cultures.42,43 A strength of the IPAQ is its
ability to provide participation estimates for different domains of
physical activity, which allow a comprehensive analysis of activ-
ity behavior.22 Nevertheless, one of the challenges associated with
the IPAQ is its assessment of both moderate and vigorous activi-
ties within each domain. There is evidence that subjects may find
it difficult to differentiate between moderate and vigorous physi-
cal activities.41 Furthermore, others might have problems in iden-
tifying the actual time spent in these activities. These issues may
cause unusually high estimates of physical activity levels in stud-
ies using the IPAQ.44 Therefore, objective measurement tools, rather
than self-reported assessment, might have provided more accurate
results with special regard to work activity.45 Nevertheless, Kwak
et al11 showed that the IPAQ-long version provides a moderately
good measure for work activity when compared with an accelerom-
eter (r = 0.46; P < 0.01). Moreover, the IPAQ was found to have
acceptable measurement properties for monitoring population lev-
els of physical activity among 18- to 65-year-old adults in diverse
settings.22 Further strengths were the recruitment period of 1 year
including seasonal variations and the adjustment for several socioe-
conomic variables.
On the contrary, the analyses were not controlled for food
intake because no information about energy intake was available.
Another limitation was the cross-sectional study design, which does
not allow conclusions about causality. To determine the direction
of causal relationships, longitudinal intervention studies need to be
conducted. Moreover, the sample size was relatively small for eval-
uating the relationship between different activity domains and body
composition measures. In particular, the limited number of subjects
in each occupational category gave little insight into the impact of oc-
cupation. Further investigation with enlarged sample size is required
to confirm our results. Finally, this study was not representative for
the female population.
CONCLUSIONS
The key finding of this cross-sectional investigation is that
the relationship between body composition and physical activity is
domain-specific. Leisure-time activity may represent the most effec-
tive activity domain being associated with lower WC, lower relative
FM, and higher relative MM. Work activity and moderate daily ac-
tivities, such as walking or cycling to work as well as housework and
gardening, do not seem to be protective against overweight defined
by BMI, WC, and relative FM. Moreover, BMI seems to be a very
limited measure to assess the association between domain-specific
physical activity and body composition, and other parameters in-
cluding WC, relative FM, and relative MM may be preferably used.
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